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‘E::- A A nubber. of recent studies have focused attention on the mathematical
o ol a1 - *
o - =
> oy edée of you“g chm’dren (e g., Rey and Reys,.1970; Dutton, 1963; Heard
2
- . .

- 19703 Bjohe;rixd,‘1967’).~ Although such studies vary considerably in their

tnodologies, 1nvest1gators are consistent in finding that many kinder-

- artenrchildfea pOSsESS 2 considerable amount of mathematical awareness,

SRS - B . .

. ~and~the matheratical knou‘edge possesced by these children often tan be

" used in relevanr, ‘ife lrke situations.

Despite th2 ‘encouyaging findings about.the mathematical urderstandings
' ~

any young kindergarteners, there appear to be few investigations of’

e

- “‘

- -~ -

1a . that foseer such competencies. Generally speakirg,
2p y Sp

.Lk‘,‘“v,-‘ ”~ - ' -~

ula are based on two interrelated themes: First, there }

mathematically
.« Lt

\‘-'6

orlented curric
L R '/ . . ~ |
are cogritlv 15y based_nodels in whlch the develepling” conpetencles of the b

.~

there are models that emphasize developang

child are 1ncorporatéd.“3§cond,

_mzthematlcal competencles througn varied teaching methods and materials.

"’BAA thlrd appro ene based on rn serglce teacher education (Yorris, 1969

A -~ ~
g}ﬁgDhtton and Hacoond, lﬂcﬁ,_ﬂ Hugﬁ5_1953) e“ph351zes use of the nathematical

- ~— N

ki, .
(@arvknowledge-oi teachers. Exple ration of teachlng method and raterials and
- = N‘.

\

L . -
i
!m:>increasing the teachers' aathetatlcal knoaledoe are a~part of these studies. ‘ \j

-~

7}?? Few~studies are avallable-which assess the mathe matlcal knowledge of the )
fzv/‘ R \\

£
”“‘ﬁ Piqdergarten child and mhlrh e&gourage amcolnatlve exploratlon of teaching
i .
e ~ \
mat erials ard rethods fo facilitate and ettepd this “nOJladge. The purpose S

b '
4 ’ -

of The presehc study-ﬁas to assess the overall effectiveness of a program R
. . - . . "‘ \‘;

bf selected math cacibaL experiences for kindergdrten children through
- % v ~ . N

. in-service teacher education..’. ' \f”:_ : .
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. The selected sample consisted of 617 white, predezinantly middle

class kindergarten children attending 10 public schools in‘Van Dyke, ~o
. ‘ . ' '

Michigan. However, due pri

rily to a chicken pox epidemic, complete

data were available for only 284 of these children (143 boys and 141

girls)ﬁ

Curriculun

‘Prior to initiaticn of their study, a Kindergarten Matheratics

A

. >

'

checklist consisting’ of categories including mathematical concepts

I

,

related to set theory, numeratibn, geonetry, and measurecment was sent to

20 experts in mapthematics education 2ad early childhood educatidn with

" an accompanying letter requesting their opinions regarding the teaching of
' [ 4

these ccncepts in® kindergarten maghematics. Their answers provided the

base for curriculum content selection.

/

The raesulting instructional

booklet titled "One and One lMore" was designed to include a variety of

rmathecatical activities in the areas of set theory, nuceration, geometry,

and measurenent.

This booklet contained suggested teaching methods,
¢ 28 g

special instructicnal materials, alternative methods for teaching

mathematical ccncepts, and references for teachers' use. Additional

procedures, forms, and materials were developed to provide-organizational

t

continuity and to facilitate efficient implementation of EHE’Z;;Iﬁation

'

of the program's effectiveness. These supplementary materials included

'%eekly plan log§, daily enrichment'plan§, a kindergarten materials check-

list, ard a teacher perscnal data checklist.
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All these raterials were prepared for teachers in accordance with:®

the rationale that they be related to the child's real-life experiences,

N -
. ¢

his level of conpetence, and his interests. ~ Furthermore, they were
N ]
intended to be interesting, to encourage creativity, and-to be'easily .

incorporated into the everyday ongoing activities of the kindergarten,

;
)

The prescribed indiv;dual actiwities, group sessidéms, art, music, litetature,
and games weye intended to encoufage creative and mapipulative mathematical
activities. A déily period of 20—30.minute§ was set aside for these
activities ard teacherg evaluated each activity by entering notatipns in
. a weekly log. _EE"SEEEr to implement the expericéntal curriculum
‘ effectively, three in-service meetings were held with ;he 11 teacﬁer

- volunteets follcwing the pretésting of the children. One additiénal
. I

meeting was held after the posttest as means of reporting{fhe results

v of the study to participating teachers. Details of the profWam itself, as

[

well as its developmené, can bz obtained from Lazarus (1972).
.

Irstrupentation ! . .
(

The Comprehensive Mathematlcs Inbentory (Reys and Rey, 1968) was
adninistered for the ;tudy. All children were tested individually
according to standard instructions. The thirgeen scales Included in
tie Compreheﬁsiva'Hathenatics Inventory, and the abdilities measgrea by
the scales, follow: .

N ‘- - o -
Money. Identification. Ability to recognize coins.

Makirz Charnga. Ability to recognize value of coins, aB%lity to solve

PN a

X - . -
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“Measure. Ability to recognize and to use yardstick, ruler, thermometer,

Proc

simple word problore. y : .
. . )
Vocabulary. Ability to follow one step directions, involving use -
L

.

of specific words, directioncl words, numerals, rote and rational
cognting through 20, knowlcdge of before and after nuuber concepts.

/" B .
Ability to follow directions with vocabulary such as "pair", "few'",
/, - € .
v ! o - . . 13 . 3
many". Size ordination, recognition, recogniticn of nuzmerals, ability

| 0 -
| N i . . . . .

to follow one-step dlrecﬂgén by naming objects, counting objects,
| . ;

p?incing to correct numerals, one-to-one correspondence, conservation,

directionality, were included.

Depth Perceotion. Ability to distinguish near frem far.

’

Fractions. ability to recognize ) and % pie.
Weight. Ability to distinguish c¢ifferences in size and weight of .objects.

Geometry. Ability to recognize, wmatch, know properties ‘of geometric

shapes, lines. . . v
Time. Ability ‘to tell tire on hour, half-hour, minute; ability to { ,

- \A

recognize and use calerncar and to know days of week, months, child's

birthday. ' i

-
- - [

scale.

Memory. Ability to repeat numeral sequenceAafter 5 second interval.
Auditorv. Ability to repeat an:auditéry nuneral sequence.

Tap. Ability to repeat tapped numeral sequence. ,

Tactile. Ability to repeat tactile nuneral sequence. .

¢

edures

Data were gathered by 15 Wayne State University Juniors”and Seniors
& - I

)
\

who were trained through a series of seminars, informal meetings, arid

Ny

\,
[l
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Table 1

Rotated 'Factor Pattern

; Factor
Variable .
I I 11 w o |ow?
1 . N3 - J 1

Tap - . .84 ) 71

Tactile .54 ‘ .36 :
Vocabulary .75 .84

L4
Memory R , - 35 .48
Geometry 5 .45 .45
Weight . - .39 .15
Time ' | 71 .55
Measure ) ; - ' .48 2 .28
#aking Change .63 45
i ‘loney .52 .46 ¢52
| + E ‘ . - o o

- 4

\ N
Note--loadings with absolute values less than .35 are not reported.
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5
. -4
observations of test cdministratdon cf the Compréhamsive Matheratics
Inventory. Both’pre- and posttests were administered 'in two parts:
’ ' -
Firsp, the mcney identification, maxing change, and vocabulary subscales
of the Comprehensive Matheratics Inventory were adninistered; Second,

on a separate day, the remaining portions of tﬁe inventory were

completed. This procedure insured that testing sessions would not be

so lengthy as to exceed the lipits of a child's attention span. Although
. N / ‘

quite varied, the typical time pér session was approximately 30-to-40

minutes. Each testér recorded individﬁal pupil responses on the Inventsry

test booklcts; and these data were later transferre%)to individual pupil

‘data ;%Eets. Children were tested prior to the ons=t of the program

(pretest) and following its conclusion eight weeks later (posttest).

Aralysis
)
To test cach pre— to pesttest charge of the 13 criterion scales in-

dividually for sigm¥ficance is-inappropriate because such a procedure
ignores the complex interdependencies awong the moasures.C>Therefore, in

order to parsimoniously interpret the multivariate data from the various
*

subscales of the Comprchensive Mathenatics Inventory, 2 generii factor

-

analysis of 'pretest scores was conducted:
‘ .
First, a 13 x 13 correlation matrix was generated and a principle com-

ponents solution obtained using the Sratistical Package for the Social

s

Sciences coﬁ%uter package (see:'-Nie, Bent, and Hull, 1971).

Second, the 13 eigenvalues of the correlation matrix (Part of the

Statistical Package for the Social Sciences outpﬁc) were plotted graphically




.

¢
PN

s

-

~

in the serial order of their magnitude. A scree test was conducted to
L] X -
decide cn the number of facters to be specified for further analysis

4
Four factors were indicated by this test.

7 (Cattell, 1966).
Third, a principel factor snrlution was obtained assuming the presence

‘A\five-factor solution was also obtained, but

of four fomﬂon factors.

the additional factor was found to be specific.
Fourth, the resulting four-factor solution was rotated according to

the Varimax criterion to simple structure. An cblique solution was also
—

attempted, but the resulting factors wera less satisfactory for interpreta-
P 3 8 P

04

3 .

tion.
~ - Fifth, factor score coefficients were obtained for each of the resulting

four ccxmen factors (anotner standard output of the Statistical Package for

the Social Sciences progran).
Factor scores were cbtained for each child in the sample on both the

%

o
L)

pretest and postté§t using the pretest factor score coefficients as weights.

In this manner the number of criteria on which changes in performance

=

were registered was reduced from 13 intercorrelated scales to four independent

The sample was troken down according to sex, and t-ratios for

factors.
correlated samples used to test the significance of each pre- to posttest
&

change for males and females on the four factors.
Results

4
The four factor solution accounted for approximately 587% of the total

N

variance of the measurement battery. Communalities ranged from a low of
¥

1Dr..}ierbert C. Richards, University of Virginia, helped with the

Y
AN

analysis of these data.
i L4 .

LRIC «
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.12 (Fractions) to a high of .84 (Vccabulary), with a median communality

v

:

of .45. Measures with logdings exceeding an absolute value of .35 are

xeported .in Table 1 together with their cemmunalities (hjz). Measures

"not reported due. to insufficient loadings on one or more of the cormon
. X -

7

factora were: Depth Perception, Fractigens, and Auditory Discrimination.

Significant (p{.0l) pre- to posttest changes wete found on Factors I,
I i, .
‘b

II,‘and IT1I, but alwost no change took place on Factor IV. These results

’

were consistent for both the totals$géplg‘and for boys and girls viewed
for the individual scales loaded on each factor. '.

Disqussio&
,

As with rany other studies of experimental curricula, the present in-
vestigation suffers from the lack of a suitable control group. Therefore,,

it may be argued, that the performance changes reported in Table 2 reflect

developmental growth (or. possible Hawthorne effect) as much as possible

2

. X
effects of "the experimental program. However, the present author finds

it difficult to imagine how Zny influence other than the experimental

4

curriculun ‘could have effected change spegifically on Factors I, II, and
IIT (factors that included variables targeted by the cxpérimental program)
lea@ingtFactor IV unaffected. It is at least plausible to believe that
changes were due largelf to intervention, although undoubtedly other

uncontrolled variables exested some.influence.
N

" 0y -

-~

A second criticism directéd toward many studies of intervention

B ’ . H

effectiveness, that curricula are designed to specifically train children

’separately. Table 2 presents both tﬁese findings and descriptive statistics

&!




8

to do well on the criterion measurcs (i,e., training in test taking),

cannot be applied to the present investigation. Not only were teachers

.

unlnf%rmed as to_ the criteria used (at least until after the data on

#
'

the children were obtained), but the Co:prchensive Mathemdtics Inventory

was selected as a criterion instrument 2fter curricular materials and

A ‘ N

methods were developed;.mThiS procedureiinsuréd the conceptual and

operational independerce of the experimental program from the selected

¥ -~

criteria.

L4

The four-factors cmerging from the pretest data are both statistically

) . :
and conceptually meanirgful, and each will be discussed separately.

*
- -

Facter I. As can be'seen in Table ! this dimension consisp§ of

the' Tap and.Tactile subscales of the Inventory and has been named

- < : -
the "tactile" diménsion. The finding that these scales group
Iy Q x . .
together empirically corroborates earlier studies indication that
tactile and auditory discriminatiom are highly related 'abilities.

A
Measured ability on this dimension changed significantly over

rhw ecight week period (see Table 2).

Factor ITI. This pagfgory includes the substales vocabulatry,

femory, geomatry and weight and is entitled 'verbal" im Table I,

»
r

Th@se/dimensions include_cognitive, verbal, motor skills which
' N ’ '-\. .
are interrelated. Abilities measured changed significantly (see

Table 2).

Factor ITI. As indicated in Table 1, this djmensidn consists of
o’ \ <

Inventory subscales T’me and Measure Mthh are cpncerned w;th

' 4 . /

measurcrent related to time (recognition and funcLions of clock

and calcndar) and with various measurenent devices and théir uses.
* -~

-

* {

/
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5

Significant’ chapges octured in this erea as is shown in Table 2.

‘ Fgctor TV, "This facter-includes abilities related to woney and

-

making change and id not chaenge significantly over the eight

week period (see Table 2). Empirically these dinensions are

.
G

consistent with other studiéB. . . ,
’ st . . ¢ o’

¥

.

“The results thus indicate strepgly that the gurriculum d€sign was

the use of-this curriculum

A

effective. A fruitful cortinuation would be

v

vith an.experimentalfcontfo¥»research design. Possible alternative
. & o

approaches include use of a rural population, use of curriculum without *

- :

in-service training of tcacher, and use of curciculun over longer time

period.
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